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Background— The prevalence and significance of low normal and abnormal ankle brachial index (ABI) values in a community- 
dwelling population of sedentary, older individuals is unknown. We describe the prevalence of categories of definite peripheral 
artery disease (PAD), borderline ABI, low normal ABI, and no PAD and their association with lower-extremity functional performance 
in the LIFE Study population. 

Methods and Results — Participants age 70 to 89 in the LIFE Study underwent baseline measurement of the ABI, 400-m walk, and 
4-m walking velocity. Participants were classified as follows: definite PAD (ABI <0.90), borderline PAD (ABI 0.90 to 0.99), low 
normal ABI (ABI 1.00 to 1.09), and no PAD (ABI 1.10 to 1.40). Of 1566 participants, 220 (14%) had definite PAD, 250 (16%) had 
borderline PAD, 509 (33%) had low normal ABI, and 587 (37%) had no PAD. Among those with definite PAD, 65% were 
asymptomatic. Adjusting for age, sex, race, body mass index, smoking, and comorbidities, lower ABI was associated with longer 
mean 400-m walk time: (definite PAD=533 seconds; borderline PAD=514 seconds; low normal ABN503 seconds; and no 
PAD=498 seconds [P<0.001]). Among asymptomatic participants with and without PAD, lower ABI values were also associated 
with longer 400-m walk time (P<0.001) and slower walking velocity (P=0.042). 

Conclusion — Among older community-dwelling men and women, 14% had PAD and 49% had borderline or low normal ABI values. 
Lower ABI values were associated with greater functional impairment, suggesting that lower extremity atherosclerosis may be a 
common preventable cause of functional limitations in older people. 

Clinical Trial Registration— URL: http://clinicaltrials.gov/ Unique identifier: NCT0 1072500. (J Am Heart Assoc. 2013;2: 
e000257 doi: 10.1 161/JAHA.1 13.000257) 
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Lower extremity peripheral artery disease (PAD) affects 
8 million men and women in the United States (US) and 
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will become more common as the US population survives 
longer with chronic disease. 1 PAD can be detected noninva- 
sive^ with the ankle brachial index (ABI), a ratio of Doppler- 
recorded systolic blood pressures in the lower and upper 
extremities. 2-5 Although intermittent claudication is the 
classic symptom, PAD is often asymptomatic or can present 
with atypical leg symptoms. ' 7 

A normal ABI value is 1.10 to 1.40. 2-4,8 This is because 
among individuals without PAD, lower extremity arterial 
pressures increase with greater distance from the heart, 
due to increasing impedance with increasing arterial taper, 
resulting in higher systolic pressures at the ankle compared 
with the brachial arteries. Thus, an ABI <0.90 is highly 
sensitive and specific for PAD, an ABI of 1.10 to 1.40 
indicates absence of PAD, and ABI values between 0.90 and 
1.09 represent borderline PAD or low normal ABI values. 8 

It is well established that people with ABIs <0.90 have 
poorer performance on measures of functional performance. 
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People with ABI <0.90 also have faster functional decline, and 
increased rates of cardiovascular events, compared with 
people with an ABI >0.90 to 1.40. w ' 9 ' 10 However, the 
prevalence and clinical significance of ABI values between 
0.90 and 1.09 are less clear. 

We investigated the prevalence of predefined ABI catego- 
ries in a community-dwelling cohort of sedentary men and 
women in the United States participating in the LIFE Study. 
Based on prior study, 11 participants were categorized as 
follows: Definite PAD (ABI <0.90), borderline PAD (ABI 0.90 to 
0.99), low normal ABI (ABI 1.00 to 1.09) and absence of PAD 
(ABI 1.10 to 1.40). The primary aims of this manuscript were 
to report the prevalence of each ABI category and associa- 
tions of each ABI category with measures of functional 
performance within the entire LIFE cohort and separately 
among those without exertional leg symptoms (ie, asymp- 
tomatic). We hypothesized that borderline and low-normal ABI 
values would be common in this population of older sedentary 
men and women, that borderline and low-normal ABI values 
would be associated with poorer performance on measures of 
lower extremity functioning compared with normal ABI values, 
and that lower ABI values would be associated with poorer 
performance on measures of lower extremity functioning even 
among individuals without exertional leg symptoms (ie, those 
who are asymptomatic). Prior studies suggest that an ABI 
>1 .40 is associated with lower extremity medial artery 
calcinosis and inability to accurately determine the presence 
or severity of PAD. 8 However, lower extremity artery stiffness 
may be associated with impaired functional performance. 12,13 
Therefore, in exploratory analyses, we evaluated whether an 
ABI >1.40, which indicates lower extremity arterial stiffness 
and medial artery calcinosis, is associated with impaired 
functional performance. 



Methods 

The LIFE Study, a randomized controlled trial comparing a 
physical activity and a successful aging intervention, enrolled 
1 635 community dwelling sedentary men and women age 70 to 
89. Methods for the LIFE Study have been described. 14 
Participants were recruited from 8 field centers: Northwestern 
University, Chicago, IL; Pennington Biomedical Research Cen- 
ter, Baton Rouge, LA; University of Pittsburgh, Pittsburgh, PA; 
Stanford University, Palo Alto, CA; Tufts University, Boston, MA; 
Wake Forest University, Winston-Salem, NC; Yale University, 
New Haven, CT; and University of Florida, Gainesville, FL. 
Institutional Review Board approval was obtained at all sites and 
all participants gave written informed consent. The LIFE Study 
will determine whether a supervised moderate-intensity Phys- 
ical Activity intervention prevents major mobility disability, as 
compared with a Successful Aging health education program. 



The primary outcome is major mobility disability, defined as the 
inability to walk 400 m during follow-up. The ankle-brachial 
index is a tertiary measure. The current report describes 
baseline data from the LIFE Study. 

Recruitment 

Approximately 200 participants were recruited at each field 
center, using newspaper, radio, and television advertisements 
and direct mailings to age-eligible residents living in the 
community. Participants were also recruited from health fairs, 
senior centers, medical clinics, and churches. 

Inclusion Criteria 

Community dwelling men and women age 70 to 89 who were 
sedentary, defined as a CHAMPS-18 score indicating 
<125 minutes of physical activity per week, 15 and had 
functional limitations, defined as a Short Physical Perfor- 
mance Battery (SPPB) score <10, were eligible. In our primary 
analyses, individuals with ABI >1 .40 were excluded, since an 
ABI >1.40 indicates medial calcinosis of the lower extremity 
arteries and inability to accurately determine the degree of 
lower extremity obstruction. In separate exploratory analyses 
we included the ABI >1 .40 group to determine whether ABI 
>1.40 was associated with impaired functioning. 

Exclusion Criteria 

Exclusion criteria included major mobility disability, measured 
by inability to complete a 400 m walk within 15 minutes at 
baseline, significant cognitive impairment, severe psychiatric 
disorder, presence of severe chronic lung disease, treatment for 
cancer within the past 3 years (other than non-melanoma skin 
cancer), NYHA Class III or IV heart failure, history of cardiac 
arrest, uncontrolled angina, presence of an implantable cardiac 
defibrillator, Parkinson's disease, severe arthritis that would 
interfere with full participation in study interventions, renal 
disease requiring dialysis, and language barriers. 14 We did not 
systematically evaluate potential participants for the presence 
of critical limb ischemia. However, all participants underwent a 
physical examination by a study physician and those found to 
have clinical examination findings or symptoms that might 
preclude full participation in an exercise program were 
excluded. In addition, participants without a detectable lower 
extremity arterial pressure by Doppler were evaluated by a 
nurse or physician for possible critical limb ischemia. 

Ankle Brachial Index (ABI) 

The ABI was measured after the participant rested supine for 
5 minutes, using a hand-held Doppler probe to obtain systolic 
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pressures at the right brachial artery, right posterior tibial 
artery, left posterior tibial artery, and left brachial artery in the 
order listed. 8 Pressures were repeated in reverse order. The 
ABI was calculated for each leg by averaging the 2 posterior 
tibial artery pressures and dividing them by the average of the 
4 brachial artery pressures. However, when 1 brachial artery 
pressure was higher than the alternate brachial artery 
pressure in both measurement sets, and the difference in 
the right and left brachial artery pressures differed by at least 
10 mm Hg in both measurement sets, then subclavian 
stenosis was possible and the average brachial artery 
pressures from the arm with highest pressure was included 
in analyses. 16 ABI categories were defined as described 
above, using the leg with the lowest ABI value. 

Measures of Lower Extremity Functioning 

Measures of lower extremity functioning consisted of the 400- 
m walk, walking velocity over 4 m, and the short physical 
performance battery (SPPB). We chose to study the 400-m 
walk time and 4-m walking velocity because oxygen supply to 
lower extremity muscles during walking is impaired by lower 
extremity atherosclerosis. Thus, lower extremity atheroscle- 
rosis is expected to preferentially impair walking velocity and 
walking endurance. The SPPB was also studied because it is a 
well validated measure of lower extremity functioning that 
combines assessments of leg strength, balance, and walking 
velocity. Together, the 400-m walk time, 4-m walking velocity, 
and the SPPB are validated measures that predict mobility 
loss, cardiovascular mortality, and all-cause mortality. 17-21 

Four Hundred-Meter Walk 

The 400-m walk was measured using a 20 m walking course. 14 
Participants were given standardized instructions, using a 
script, and were asked to walk back and forth 20 times across 
the 20-m walking course until 400 m had been completed. 
They were allowed to rest standing during the walk. The total 
time required to complete 400 m was recorded. 

Short Physical Performance Battery 

The SPPB combines data from time to rise from a seated 
position 5 times, standing balance, and 4-m walking velocity. 
Individuals receive a zero score for each task they are unable 
to complete. Scores of 1 to 4 are assigned for remaining 
tasks, based upon quartiles of performance for over 6000 
participants in the Established Populations for the Epidemio- 
logic Study of the Elderly. 17,18 Scores are summed to obtain 
the SPPB, ranging from 0 to 12. For the time to rise from a 
seated position 5 times, participants sit in a straight-backed 
chair with arms folded across their chest and stand 5 times 



consecutively as quickly as possible. Time to complete 5 chair 
rises is measured. 17,18 For standing balance, participants are 
asked to hold 3 increasingly difficult standing positions for 
1 0 seconds each: standing with feet together side-by-side and 
parallel (side-by-side stand), standing with feet parallel with 
the toes of 1 foot adjacent to and touching the heel of the 
opposite foot (semi-tandem stand), and standing with 1 foot 
directly in front of and touching the other (tandem stand). 17,18 

Four-Meter Walking Velocity 

Walking velocity was measured with a 4-m walk performed at 
usual walking speed. 6,10,17,18 The walk was performed twice. 
The faster speed was used in analyses. 6,10,17 ' 18 

Leg Symptoms 

Leg symptoms were measured using the San Diego Claudi- 
cation Questionnaire. 6,10,22 Participants with any exertional 
leg symptoms were those who responded "yes" to the first 
question on the San Diego Claudication Questionnaire, "Do 
you get pain in either leg or in either buttock when walking?" 
Participants who responded "no" to this question were 
classified as "asymptomatic." Among those with PAD and 
exertional leg symptoms, classical symptoms of intermittent 
claudication were defined as exertional calf pain that does not 
begin at rest, does not resolve if the participant continues 
walking, and resolves within 10 minutes of rest. 

Comorbidities 

Comorbidities were obtained via self-report using standard- 
ized questionnaires. Comorbidities included in the current 
analyses were diabetes mellitus, heart failure, angina, history 
of myocardial infarction, stroke, pulmonary disease, cancer, 
and knee or hip arthritis. 

Other Measures 

Cigarette smoking was measured using self-report. Body 
mass index (BMI) was calculated as kg/m 2 , based on 
measures of height and weight obtained at the study visit. 

Statistical Analyses 

Participant characteristics were compared across ABI cate- 
gories using chi-square tests for categorical variables and 
unadjusted analysis-of-variance F-tests for continuous vari- 
ables. Associations of ABI categories with 400-m walk time, 
4-m walking velocity, and the SPPB were assessed using 
analysis of covariance, adjusting for age (continuous) and sex. 
Analyses were repeated, adjusting for age, sex, race (African 
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American versus not African American), current smoking 
status, comorbidities, BMI, and the CHAMPS-18 measure of 
physical activity.' 5 Pairwise comparisons were performed to 
examine the relationship between each functional measure 
among participants with ABI 1.10 to 1.40 and each of the 
remaining ABI categories. All of these analyses were repeated 
among participants without exertional leg symptoms (ie, 
among those who were asymptomatic). Associations of 
absence of PAD, PAD associated with any exertional leg 
symptoms, and asymptomatic PAD with functional measures 
were performed using analysis of covariance, adjusting for 
age, sex, race, smoking, comorbidities, and CHAMPS-18 
measured physical activity, and BMI. Pairwise comparisons 
were performed to examine relationships between functional 
performance measures of participants without PAD to partic- 
ipants with PAD who did not have exertional leg symptoms (ie, 
were asymptomatic) and to participants with PAD who had 
exertional leg symptoms. In our exploratory analyses, asso- 
ciations of the ABI with functional measures were repeated, 
including the category of participants with ABI >1.40. 
Correlation coefficients between the ABI and the 400-m walk, 
4-m walking velocity, and the SPPB were calculated in the 
entire cohort and separately among LIFE Study participants 
with and without exertional leg symptoms. 

Results 

Of 1635 LIFE participants, 1566 had a valid ABI measurement 
<1.40 and are included in the primary analyses. An additional 



36 LIFE participants had an ABI value >1.40 and were 
included in separate exploratory analyses. Thirty-three LIFE 
participants (2%) had missing ABI data. Fourteen participants 
had an ABI O.50 and 5 had an ABI <0.40, consistent with 
severe PAD. 

A total of 587 participants (37%) had a normal ABI value, 
defined as ABI 1.10 to 1.40. The remainder had ABI values 
<1.10 or >1.40. Table 1 summarizes the characteristics of 
participants, according to ABI value. Lower ABI values were 
associated with older age, lower BMI values, and a higher 
prevalence of African American race, current smoking, and 
ever smoking. Participants in the ABI category of 0.90 to 0.99 
included the highest proportion of women. Participants with 
an ABI >1.40 had the highest proportion of men and the 
lowest proportion of African Americans. 

Only 12 (5.5%) of the 220 participants with PAD (ABI 
<0.90) had classic symptoms of intermittent claudication, 
compared with 1.6%, 1.4%, and 0.85% of participants with 
borderline PAD (ABI 0.90 to 0.99), low normal ABI (ABI 1.00 
to 1.09), and normal ABI (1.10 to 1.40), respectively 
(P<0.00'\). Sixty-five percent of participants with PAD were 
asymptomatic (ie, had no exertional leg symptoms), com- 
pared with 76.4%, 76.5%, and 74.6% of participants with 
borderline PAD, low normal ABI, and normal ABI, respectively 
(P=0.012). 

Among all LIFE participants, lower ABI values were 
associated significantly with longer 400-m walk time and 
slower walking velocity, adjusting for age and sex (Figure 1). 
Those with ABI values <0.90 had slower 400-m walk time 



Table 1. Baseline Characteristics of the Study Population According to Baseline ABI Values 





Definite PAD 
(ABI <0.90) 


Borderline PAD 
(ABI 0.90 to 0.99) 


Low Normal ABI 
(ABI 1.00 to 1.09) 


No PAD 

(ABI 1.10 to 1.40) 


High ABI 
(ABI >1.40) 


N (%) 


220 (13.7) 


250 (15.6) 


509 (31.8) 


587 (36.6) 


36 (2.3) 


Age, y 


80.2±5.5 


79.2±5.1 


78.6±5.1 


78.4±5.2 


78.7±5.1 


Male sex, % 


31.8 


19.2 


26.3 


43.1 


61.1 


African American, % 


24.1 


23.2 


19.3 


14.0 


8.3 


Mean ABI values 


0.75±0.15 


0.95±0.03 


1.05±0.03 


1.18±0.07 


1.75±0.41 


Mean BMI, kg/m 2 


28.7±6.3 


29.9±6.0 


30.6±6.1 


30.7±5.9 


30.2±6.2 


Current smoking, % 


10.2 


3.3 


1.8 


1.6 


0.0 


Ever smoking, % 


57.2 


44.7 


49.7 


45.2 


44.4 


Diabetes mellitus, % 


31.1 


27.3 


24.8 


22.8 


38.9 


Myocardial infarction, % 


11.9 


9.3 


6.5 


6.7 


11.8 


Heart failure, % 


6.4 


3.6 


4.1 


3.6 


8.6 


20 min/week exercise, % 


22.7 


15.9 


17.8 


19.4 


25.0 


Lung disease, % 


16.9 


15.3 


15.8 


15.5 


5.6 


Mean CHAMPS-18 Score 


20.0=1-34.0 


14.6±30.7 


15.4=1-32.1 


18.1 ±34.1 


17.1=b32.5 



ABI indicates ankle brachial index; BMI, body mass index; PAD, peripheral artery disease. 
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400-meter walk time in entire LIFE cohort (N=1 ,566)* 

550 

Overall P value =0.004 




<0.90 0.90-0.99 1.00-1.09 1.10-1.40 



Ankle Brachial Index 
'Data are adjusted for age and sex 



Four-meter walking velocity in entire LIFE cohort (N=1,566)* 

0.80 



| 0.70 
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550 
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Four-meter walking velocity in LIFE participants without exertional leg 
symptoms (N=1,160)* 

0.80 

P Value = 0.016 




0.90-0.99 1.00-1.09 1.10-1.40 

Ankle Brachial Index 
'Data are adjusted for age and sex 



Figure 1. Age and sex adjusted least square mean values for 400-meter walk time and 4-m walking velocity among LIFE Study participants 
according to their ankle brachial index. *Analyses are adjusted for age and sex. P values shown above individual bars represent statistically 
significant differences between the ABI group indicated compared with participants with ABI of 1.10 to 1.40. ABI indicates ankle brachial index; 
LIFE, Lifestyle Interventions and Independence for Elders. 



(P<0.001) and slower 4-m walking velocity (PO.001) than 
participants with ABI values of 1.10 to 1.40. Participants with 
ABI values of 1.00 to 1.09 had slower 4-m walking velocity 
than those with ABI of 1.10 to 1.40 (r^O.043). Among 
participants without exertional leg symptoms, lower ABI 
values were associated with longer 400-m walk time and 
slower walking velocity, adjusting for age and sex (Figure 1). 
Asymptomatic participants with ABI <0.90 had significantly 
slower 400-m walk time (P<0.001) and slower walking 
velocity (P=0.003), compared to participants with ABI values 
of 1.10 to 1.40, adjusting for age and sex (Figure 1). 
Asymptomatic participants with ABI 0.90 to 0.99 had slower 
400-m walking time (P=0.047) and asymptomatic participants 
with ABI 1.00 to 1.09 had slower 4-m walking velocity 
(P=0.036), compared to asymptomatic participants with ABI 
1.10 to 1.40 (Figure 1). The ABI was not associated with the 
SPPB score among all participants or among participants 



without exertional leg symptoms, adjusting for age and sex 
(data not shown). 

When analyses shown in Figure 1 were repeated with 
additional adjustment for race, BMI, smoking, physical 
activity, and comorbidities, findings were not substantially 
changed within the whole cohort or within the subset of 
participants without exertional leg symptoms (Figure 2). 
However, in these fully adjusted analyses, associations of 
ABI values of 0.90 to 0.99 and ABI-values of 1.00 to 1.09 with 
400-m walk time and 4-m walking velocity did not achieve 
statistical significance. The ABI was not associated with the 
SPPB score among all participants or among participants 
without exertional leg symptoms in these fully adjusted 
analyses (Table 2). 

The ABI was correlated modestly with 400-m walk time and 
4-m walking velocity in the entire LIFE Study cohort and 
separately among LIFE Study participants who were asymp- 
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400-meter walk time in entire LIFE cohort (N=1,478)* 

P value <0.001 



Four-meter walking velocity in entire LIFE cohort (N=1,478)* 
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Ankle Brachial Index 

•Data are adjusted for age, sex, race, comorbidities, smoking, body mass index, 
and physical activity. 

Four-meter walking velocity in LIFE participants without exertional leg 
symptoms (N=1,092)* 

0.80 

P Value = 0.042 
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•Data are adjusted for age, sex, race, comorbidities, smoking, body mass index, 
and physical activity. 



Figure 2. Fully adjusted least square mean values for 400-m walk time and 4-m walking velocity among LIFE Study participants according to 
their ABI. P values in the figure represent overall statistical significance across all ABI categories. *Analyses are adjusted for age, sex, race, body 
mass index, smoking, physical activity, and comorbidities. P values shown above individual bars represent statistically significant differences 
between the ABI group indicated compared with participants with ABI of 1.10 to 1.40. ABI indicates ankle brachial index; LIFE, Lifestyle 
Interventions and Independence for Elders. 



tomatic (Table 3). There were no significant correlations of 
the ABI with the SPPB. There were no significant correlations 
of the ABI with 400-m walk time or 4-m walking velocity 
among LIFE Study participants with exertional leg symptoms 
(Table 3). 

Adjusting for age, sex, race, smoking, BMI, physical 
activity, and comorbidities, 400-m walk time was significantly 
different among non-PAD participants, PAD participants with 
exertional leg symptoms, and asymptomatic PAD participants 
(P<0.001). In pairwise comparisons, participants with asymp- 
tomatic PAD had slower 400-m walk time compared with 
participants without PAD (P<0.001) (Table 4). 

In separate exploratory analyses, we evaluated associa- 
tions of the ABI with functional performance, including the 36 
LIFE participants with ABI values >1.40. In these analyses, 



associations of the ABI with 400-m walk time remained 
statistically significant, but the association of the ABI with 4-m 
walking velocity was no longer statistically significant (data 
not shown). There were no differences in 400-m walk time 
(521 versus 494 seconds, P=0.162) or 4-m walking velocity 
(0.75 versus 0.74 m/s, P=0.068) between participants with 
ABI >1 .40 and those with ABI 1.10 to 1.40. However, 
participants with ABI >1 .40 had a lower SPPB compared to 
those with ABI <1.40 (7.2 versus 7.40, P=0.030). 

Discussion 

Results reported here document that among sedentary, 
community dwelling men and women age 70 to 89 with 
SPPB scores <10, most participants had ABI values below a 
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Table 2. Adjusted Means of the Short Physical Performance Battery Score According to the ABI in the Entire Cohort and in 
Participants Without Exertional Leg Symptoms* [2 





Definite PAD (ABI <0.90), 
Mean (95% Confidence 
Interval) 


Borderline PAD (ABI 0.90 to 
0.99), Mean (95% Confidence 
Interval) 


Low Normal ABI (ABI 1.00 to 
1.09), Mean (95% Confidence 
Interval) 


No PAD (ABI 1.10 to 1.40), 
Mean (95% Confidence 
Interval) 


P 

Value 


Entire Cohort 


N=220 


N=250 


N=509 


N=587 




SPPB score (0 to 12 
scale, 12=best) 


7.34 (7.13 to 7.57) 


7.45 (7.25 to 7.66) 


7.36 (7.22 to 7.51) 


7.40 (7.26 to 7.53) 


0.87 


Participants Without 
Exertional Leg 
Symptoms 


N=144 


N=191 


N=388 


N=437 




SPPB score (0 to 12 
scale, 12=best) 


7.22 (6.95 to 7.50) 


7.46 (7.22 to 7.69) 


7.38 (7.22 to 7.55) 


7.40 (7.24 to 7.56) 


0.60 



ABI indicates ankle brachial index; BMI, body mass index; PAD, peripheral artery disease; SPPB, short physical performance battery. 

*Data are adjusted for adjusted for age, sex, smoking, BMI, race, physical activity, and presence/absence of comorbidities (diabetes, history of heart failure, myocardial infarction, angina, 
chronic pulmonary disease, knee arthritis, hip arthritis, and cancer). 



normal ABI range of 1.10 to 1.40. Fourteen percent had 
definite PAD (ABI <0.90), 16% had a borderline ABI value of 
0.90 to 0.99, and 33% had a low normal ABI value of 1.00 to 
1.09. Most participants with definite or borderline PAD were 
asymptomatic. Among all asymptomatic participants, lower 
ABI values were associated with slower 400-m walk time and 
slower 4-m walking velocity, even after adjusting for age, sex, 
race, comorbidities, smoking, BMI, and physical activity. 
Among asymptomatic participants, those with borderline ABI 
values had slower 400-m walk time and those with low normal 
ABI values had slower 4-m walking velocity, compared with 
participants without PAD, adjusting for age and sex. Within 
the entire cohort, participants with low normal ABI values (ABI 
1 .00 to 1 .09) had slower 4-m walking velocity, compared with 
participants without PAD, adjusting for age and sex. However, 
associations of borderline (ABI 0.90 to 0.99) and low normal 
(ABI 1.00 to 1.09) ABI values with poorer 400-m walk time 
and slower 4-m walking velocity were not statistically 
significant after additional adjustment for race, comorbidities, 
smoking, BMI, and physical activity. 

The 400-m walk, 4-m walking velocity, and the SPPB are 
well-validated measures of functional performance that 



predict important outcomes in older men and women. 
Poorer performance on each of these measures is associ- 
ated with higher rates of mobility loss, all-cause mortality, 
and cardiovascular disease mortality. 17-21 Our finding that 
lower ABI values were associated with poorer 400-m 
walking performance and slower 4-m walking velocity, but 
not lower SPPB scores, likely reflects that lower extremity 
atherosclerosis results in inadequate oxygen supply to lower 
extremity skeletal muscle during walking. The SPPB includes 
measures of balance and leg strength and may be a less 
specific measure of the functional impairment associated 
with PAD. 

It is well established that people with PAD, defined as ABI 
<0.90, have an increased rate of all-cause mortality, cardio- 
vascular events, and functional decline, compared with those 
without PAD. 1,9,10 However, even individuals with low-normal 
and borderline ABI values have increased rates of all-cause 
mortality, cardiovascular mortality, and mobility loss com- 
pared with individuals with normal ABI values of 1.10 to 
1.40. 9,23 A meta-analysis of community-dwelling men found 
that ABI values of 0.90 to 0.99 and 1.00 to 1.09 were 
each associated with significantly increased all-cause and 



Table 3. Correlations Between the Ankle Brachial Index and Measures of Functional Performance in LIFE Study participants 





400-m Walk Time 


4-m Walking Velocity 


SPPB 


Correlations in the Entire Cohort of LIFE Participants (N=1 566) 


Ankle brachial index 


-0.115 (/*:0.001) 


0.085 (/*c0.001) 


0.040 (/NJ.113) 


Correlations in the Subset of LIFE Participants With Exertional Leg Symptoms (N=403) 


Ankle brachial index 


-0.0395 (/H1.429) 


0.064 (/MJ.202) 


0.014 (/NJ.778) 


Correlations in the Subset of LIFE Participants who are Asymptomatic (No Exertional Leg Symptoms) (N=1 1 60) 


Ankle brachial index 


-0.151 (/*c0.001) 


0.101 (j»=0.001) 


0.053 (^0.068) 



LIFE indicates Lifestyle Interventions and Independence for Elders; SPPB, short physical performance battery. 
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Table 4. Associations of Symptomatic and Asymptomatic Peripheral Artery Disease With 400-m Walk Time, Walking Velocity, and 
the Short Physical Performance Battery* 





Participants Without PAD* 

(N=1346), Mean 

(95% Confidence Interval) 


PAD Participants With Any Exertional 
Leg Symptoms (N=76), Mean 
(95% Confidence Interval) 


Asymptomatic PAD Participants 

(N=H4), Mean 

(95% Confidence Interval) 


P Value* 


400-m walk time, second 


503 (497 to 509) 


528 (503 to 552) 


536 § (518 to 554) 


<0.001 


4-m walking velocity, m/s 


0.72 (0.70 to 0.73) 


0.70 (0.66 to 0.74) 


0.69 (0.66 to 0.72) 


0.13 


SPPB score, 0 to 12 scale 


7.40 (7.31 to 7.48) 


7.55 (7.18 to 7.92) 


7.24 (6.98 to 7.51) 


0.36 



PAD indicates peripheral artery disease; SPPB, short physical performance battery. 

*Data are adjusted for adjusted for age, sex, smoking, BMI, race, physical activity, and presence/absence of comorbidities (diabetes, history of heart failure, myocardial infarction, angina, 
chronic pulmonary disease, knee arthritis, hip arthritis, and cancer). 

^Participants with any exertional leg symptoms were those who responded "yes" to the question, "Do you get pain in either leg or in either buttock when walking?" Participants who 
responded "no" to this question were classified as "asymptomatic". 

^Overall P value for comparison of 3 groups (non-PAD participants, PAD participants with exertional leg symptoms, asymptomatic PAD participants). 
V<0.001 as compared with participants without PAD. 



cardiovascular mortality, compared with men with ABI values 
of 1.10 to 1.20. 9 A meta-analysis of community-dwelling 
women found that an ABI value of 0.90 to 0.99 was 
associated with significantly increased all-cause and cardio- 
vascular disease mortality and that an ABI value of 1.00 to 
1.09 was associated with significantly increased all-cause 
mortality. 9 In the Walking and Leg Circulation Study (WALCS) 
cohort of men and women age 55 and older, ABI values of 
0.90 to 0.99 and 1.00 to 1.09 were associated with an 
increased incidence of mobility loss (hazard ratios=3.07 and 
2.61, respectively), relative to an ABI value of 1.10 to 1.30 at 
5-year follow-up. 23 Our finding that one third of the LIFE 
cohort had ABI values between 0.90 and 1.09 suggests that a 
large proportion of older, sedentary community-dwelling men 
and women are at increased risk of all-cause mortality, 
cardiovascular mortality, and mobility loss. 

Nearly two thirds of the cohort with an ABI <0.90 reported 
no exertional leg symptoms (ie, were asymptomatic) and 
>75% of those with borderline or low normal ABI values were 
asymptomatic. These findings underscore that clinicians 
cannot rely on the presence of exertional leg symptoms to 
identify older people with PAD or borderline ABI values. 
Objective assessment is needed when the diagnosis of PAD 
is suspected. Absence of exertional leg symptoms in 
individuals with a low ABI value may be observed if these 
individuals restrict their physical activity or slow their walking 
speed to avoid these symptoms. Therefore, it is conceivable 
that some asymptomatic LIFE Study participants may have 
experienced ischemic leg symptoms at the end of the 400-m 
walk that were not detected because the San Diego 
Claudication Questionnaire was not re-administered at the 
end of the 400-m walk test, but this was not assessed 
specifically. 

The Women's Health and Aging Study (WHAS) cohort also 
found a high prevalence of asymptomatic PAD among 
community-dwelling disabled women age 65 and older. 7 In 



that cohort of 1002 participants, two-thirds of those with ABI 
<0.90 were asymptomatic and within the subset without 
exertional leg symptoms, lower ABI values were associated 
with poorer performance on lower-extremity functional mea- 
sures. However, the WHAS cohort was limited to women with 
baseline disability, and did not study the prevalence or 
significance of ABI values of 0.90 to 0.99 or 1.00 to 1.09. 
To our knowledge, no prior study has described the prevalence 
of asymptomatic PAD, borderline PAD, or low normal ABI 
values among community-dwelling sedentary men and women 
age 70 to 89. To our knowledge, no prior studies have 
assessed associations of borderline or low normal ABI values 
with functional impairment in any community-dwelling 
population. 

In the LIFE Study cohort, we observed correlations 
between the ABI and functional performance that were 
stronger among LIFE Study participants who were asymp- 
tomatic compared with those who were symptomatic. This 
phenomenon may have occurred if symptomatic LIFE Study 
participants had a higher prevalence of comorbid disease 
affecting the lower extremities, such as spinal stenosis, disk 
disease, or osteoarthritis. A higher prevalence of these 
comorbidities may reduce the association of the ABI with 
functional performance and also contribute to the presence 
of exertional leg pain. In addition, since individuals unable to 
walk 400 m were excluded from the LIFE Study, and those 
unable to walk 400 m may more frequently have symptoms 
limiting their mobility, the LIFE Study cohort may include a 
narrower range of 400-m walk performance among partic- 
ipants with leg symptoms. This phenomenon may have 
limited our ability to observe an association of the ABI with 
400 m walk performance among individuals with symptoms. 
Overall, however, correlations of the ABI with functional 
performance were lower in the LIFE Study cohort than 
previously reported in a population of individuals with 
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In exploratory analyses, LIFE participants with ABI >1.40 
had a lower SPPB than those with ABI of 1.10 to 1.40, but 
there were no differences in 400-m walk time or 4-m walking 
velocity between participants with ABI >1.40 and those with 
ABI of 1.10 to 1.40. These results are only somewhat 
consistent with previous studies demonstrating that stiff 
peripheral arterial vessels are associated with greater 
impairment in functional performance both in a vascular 
laboratory setting and in the Health ABC study. 12,13 The 
relatively small sample size of LIFE participants with ABI 
>1.40 and the exclusion of individuals who are not sedentary 
and had an SPPB >10 may have contributed to the lack of a 
consistent association of ABI >1 .40 with impaired functioning 
compared with individuals with ABI of 1.10 to 1.40. In 
addition, ABI >1 .40 may not be as sensitive as pulse-wave 
velocity measures for identifying stiff lower extremity arteries. 

This study has limitations. First, participants were enrolled 
in the LIFE Study, a randomized trial designed to prevent 
mobility loss among older, sedentary men and women with an 
SPPB <10. Findings may not be generalizable to individuals 
not meeting inclusion criteria for the LIFE Study. Neverthe- 
less, because many older men and women in the US are 
sedentary and many have some functional limitations, our 
findings are likely to be representative of a large proportion of 
community-dwelling, older men and women. Second, the 
study design is cross-sectional. Longitudinal data are needed 
to establish the prognostic significance of the ABI categories 
defined here. Third, random blood pressure measurement 
error leads to minor biases in calculated ABI and may result in 
misclassification of some individuals within ABI categories. 
However, duplicate blood pressure measures were used and 
this method is known to reduce bias by 30% to 40% and 
achieves sensitivities that exceed 90%. 25 Fourth, the LIFE 
Study exclusion of individuals with SPPB scores >10 may have 
limited our ability to identify a significant association of the 
ABI with the SPPB, since SPPB scores were truncated at <9. 
Fifth, the smaller sample size of the group with ABI 0.90 to 
0.99, compared with those with ABI of 1.00 to 1.09 may have 
limited the statistical power to detect significant associations 
of borderline ABI values with poorer functional performance, 
compared with the normal ABI group. Sixth, the large number 
of comparisons may result in some of the statistical tests 
being statistically significant by chance. However, our findings 
were generally consistent regarding the association of lower 
ABI values with slower walking velocity and slower 400-m 
walk times. Seventh, we did not re-administer the San Diego 
claudication questionnaire at the conclusion of the 400-m 
walk. Eighth, we did not measure the Gardner treadmill stress 
test in the LIFE Study, which may have identified more 
participants with symptomatic PAD. Ninth, small meaningful 
differences for the 4-m walking velocity have been identified 
as ranging from 0.04 to 0.06 m/s. 26 Differences in walking 



velocity between the ABI 1.10 to 1.40 and the normal ABI 
groups did not achieve this level of clinical significance. 
However, clinically meaningful differences in the 400-m walk 
time have been defined as 20 to 30 seconds, 27 and several 
comparisons across ABI categories met this definition of 
clinical significance. 

In conclusion, approximately only one third of sedentary, 
community-dwelling older men and women with some func- 
tional limitation have a completely normal ABI value. Many have 
borderline and low normal ABI values. These findings under- 
score a significant and growing public health challenge in a 
large proportion of community-dwelling older men and women. 
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